Background During rectal cancer surgery the bowel may contain viable, exfoliated cancer cells, a potential source for local recurrence (LR). The amount and viability of these cells can be reduced using intraoperative rectal washout, a procedure that reduces the LR risk after anterior resection. The aim of this study was to analyse the impact of washout on oncological outcome when performed in Hartmann's procedure (HP) for rectal cancer. Methods A national cohort study on data for patients registered from 1995 to 2007 in the Swedish Colorectal Cancer Registry was carried out. The final analysis included patients belonging to TNM stages I-III who had undergone R0 HP with a registered 5-year follow-up. Multivariate analysis was performed. Results A total of 1188 patients were analysed (686 washout and 502 no washout). No differences were detected between the washout group and the no washout group concerning rates of LR [7% (49/686) vs. 10% (49/ 502); p = 0.13], distant metastasis (DM) [17% (119/686) vs. 18% (93/502); p = 0.65], and overall recurrence (OAR) [21% (145/686) vs. 24% (120/502); p = 0.29]. For both groups, the 5-year cancer-specific survival was below 50%. In multivariate analysis, washout neither decreased the risk of LR, DM, or OAR nor increased overall or the cancerspecific 5-year survival. Conclusions The oncological outcome did not improve when washout was performed in HP for rectal cancer.
Introduction
During surgery for colorectal cancer, viable, exfoliated cancer cells with the ability to implant may be present in the bowel lumen [1, 2] . After rectal cancer surgery, such cells are a potential source for local recurrence (LR) because of incorporation in staple lines or pelvic seeding after leakage of intraluminal contents [3] [4] [5] .
To reduce the amount and viability of intraluminal cancer cells, intraoperative rectal washout distal to the tumour and beyond an occlusive clamp has been practised when performing anterior resection (AR) for rectal cancer. Washout is also integrated into the total mesorectal excision (TME) technique [6] . Several studies have focused on the impact of washout on the LR rate after AR with conflicting results [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, the latest studies with the largest number of patients have found a significant reduction in the LR rate after washout [7, [11] [12] [13] [14] [15] .
Among patients undergoing major abdominal surgery [AR, abdominoperineal resection (APR) or Hartmann's procedure (HP)] for rectal cancer in Sweden, the proportion of HP has slightly increased over the last decades [16] [17] [18] [19] .
The prerequisites for incorporation of cancer cells in the staple line or through leakage from the distal rectal remnant are similar in HP as in AR. Hypothetically, the importance of intraoperative washout in reducing the LR rate ought to be the same for HP as for AR, as indicated by earlier studies based on the population-based Swedish Colorectal Cancer Registry (SCRCR) [20, 21] . The impact of washout on the oncological outcome in terms of LR, distant metastasis (DM), and survival when performing HP has to our knowledge not been studied in detail before. The aim of this study was to determine the effect of washout by analysing data in a national cohort, i.e. the populationbased SCRCR.
Material and methods

Swedish Colorectal Cancer Registry
The Swedish Rectal Cancer Registry was founded in 1995. In 2007, patients with colon cancer were included and the registry named SCRCR [18] . The SCRCR is a national population-based registry that prospectively collects data for all patients with colorectal cancer. This registry has previously been described in detail [16, 20, 22] . Primary data-information about patients (age and gender), tumours (TNM stage), preoperative assessment, neoadjuvant treatment, surgical treatment, residual tumour status, and early complications-are reported 30 days after surgery or at diagnosis for patients not treated with surgery. Follow-up data, including information on adjuvant treatment, late complications, recurrences, and death, are registered for 5 years after surgery or from diagnosis for patients not treated with surgery. The TME technique as well as preoperative staging with chest and abdominal computed tomography (CT) and pelvic magnetic resonance imaging (MRI) was established nationally when the registry was started [16] . The proportion of patients undergoing major abdominal surgery receiving preoperative radiotherapy (RT) has increased over the years, from approximately 50 to 65% currently. During the early years, most patients received 25 Gy/5d and immediate surgery, and only a few patients with locally advanced tumours received 50 Gy/25d, often combined with chemotherapy and delayed surgery. In 2013, approximately 80% of the patients who received neoadjuvant therapy had a shortcourse RT and the remaining had chemoradiotherapy [19, 22] . There were no standardised national follow-up guidelines during the period studied, but the patients were followed according to each hospital's protocols. As several Swedish hospitals participated in the COLOFOL trial, the follow-up schedules of this trial have had a great impact since it was launched in 2006 [23] . Over the years, the coverage of the SCRCR has been very high (approximately 98%) when it is linked to the Swedish Cancer Registry, where all patients with a malignant diagnosis are reported. The internal data validity of the SCRCR has also been very high [24] . In addition, the SCRCR is continuously linked to the Causes of Death Registry. The completeness of the 5-year follow-up data is approximately 95% in the SCRCR. Reports from the SCRCR on primary and follow-up data are published annually. Today, approximately 35,400 patients with rectal cancer are registered in the SCRCR.
Definitions
Rectal cancer is defined as an adenocarcinoma that is completely or partly located within 15 cm from the anal verge as measured with a rigid sigmoidoscope during withdrawal. TME is defined as sharp dissection under direct vision in embryological avascular planes with removal of the rectum with the intact mesorectum down to the pelvic floor. For most of the high tumours, partial mesorectal excision is performed, that is, division of the rectum and the mesorectum 5 cm below the tumour.
Rectal washout denotes peroperative irrigation of the rectum after cross-clamping below the tumour and before transection in order to eliminate exfoliated malignant cells.
High-volume hospital is defined as a hospital that performs more than 25 major abdominal procedures for rectal cancer per year.
Incidental rectal perforation is defined as an unintended perforation of the rectum during the course of surgical resection. This definition does not include preoperative perforations or perforations in other parts of the bowel.
A locally radical procedure (R0) is defined as no macroscopic tumour tissue left after surgery as judged by the surgeon and no microscopic tumour growth at the margins of the resected specimen as determined by the pathologist [circumferential resection margin (CRM) [ 1 mm]. When there is disagreement, the resection is classified as an R1-procedure (also including the group of patients with CRM B 1 mm). If both the surgeon and the pathologist agree that there is residual tumour tissue, the resection is by definition an R2-procedure.
Local recurrence (LR) is defined as the presence of tumour tissue at the anastomotic site after AR, perirectally, in the lesser pelvis (including vagina, bladder, and lateral pelvic lymph nodes), the perineum, or at another site (in the rectal stump after HP or at the top of the stoma after APR or HP, which is synonymous with the proximal resection margin) as documented by clinical, radiological, or pathological examination or examination at surgery or autopsy.
Distant metastasis (DM) is defined as the presence of tumour tissue in any lymph node outside the pelvis or in the ovary, liver, lung, peritoneum, bone, brain, or any other organ as documented by clinical, radiological, or pathological examination or examination at surgery or autopsy.
Overall recurrence (OAR) comprises either isolated LR or isolated DM or both.
Post-operative mortality is defined as deaths within 30 days of surgery both in hospital and after discharge.
Patients
The study is based on data from the cohort of patients registered in the SCRCR from 1 January 1995 through 31 December 2007.
Statistical analysis
Data were analysed using SPSS Ò version 20.0.0 for Windows Ò (SPSS, Chicago, IL, USA) statistical software, and figures were made in R version 2.15.0 for Windows. When appropriate, the X 2 test and independent sample t test were used to compare group characteristics. When calculating differences between groups, missing data were excluded. In the univariate and multivariate analyses, Cox regression analysis was used. For the survival analysis, the KaplanMeier method was used. All tests are two-sided, and p values \0.05 were considered statistically significant.
Results
Study population
From 1 January 1995 through 31 December 2007, 20,244 patients with rectal cancer were registered in the SCRCR. HP was performed in 2090 (10%) of these patients. The final analysis concentrated on patients belonging to TNM stages I-III treated with R0 HP for rectal cancer who also had a registered 5-year follow-up. After exclusion, 1188 patients remained (Fig. 1) . Washout was performed in 686/1188 (58%) and not performed in 502/1188 (42%) of the patients. Among the excluded patients where data on washout were not missing (n = 844), 355/844 (42%) had washout and 489/844 (58%) did not.
Patient characteristics, treatment details, and tumour data Table 1 shows baseline characteristics of the analysed patients as well as characteristics of the treatment and the tumours. The patients in the no washout group were significantly older (p = 0.025) and had tumours that were significantly higher (p = 0.001). Preoperative RT was used significantly more often for patients who had washout (p \ 0.001), and incidental rectal perforation was significantly less common in this group (p = 0.028). The other parameters studies were equally distributed.
Tumour recurrence data
LR was diagnosed within 5 years of primary surgery in 98/1188 (8%) of the patients. There was no significant difference in the distribution of LRs in patients who had washout or had not, 49/686 (7%) versus 49/502 (10%), respectively (p = 0.13). Metachronous DM was diagnosed in 212/1188 (18%) patients. The DMs were equally distributed between the groups. In the washout group, 119/686 (17%) patients were diagnosed with DM; in the no washout group, 93/502 (18%) patients were diagnosed with DM (p = 0.65). Together, this gives an OAR rate of 265/1188 (22%). For OAR, no significant difference was seen between the washout group (145/686; 21%) and the no washout group (120/502; 24%) (p = 0.29).
Survival data
The overall post-operative mortality was 52/1188 (4%); 28/686 (4%) patients in the washout group and 24/502 (5%) patients in the no washout group. The 5-year overall survival rate for patients with washout was 48%, and the 5-year overall survival rate for patients without washout was 40% (p = 0.005) (Fig. 2) . The 5-year cancer-specific survival rate was 49% for the washout group and 42% for the no washout group (p = 0.043) (Fig. 3) . Deaths within 30 days of surgery are excluded in Figs. 2 and 3.
Univariate and multivariate analysis
Univariate analysis was performed on potential risk factors (i.e. age, gender, hospital volume, tumour height, preoperative RT, incidental rectal perforation, TNM stage, and post-operative chemotherapy) for LR, DM, and OAR and reduced 5-year overall or 5-year cancer-specific survival. Multivariate analysis was performed on the potential risk factors with a p value B0.2 in the univariate analysis. Data are presented in Tables 2 and 3 .
Discussion
The oncological outcome was not better among patients treated with HP for rectal cancer when intraoperative washout was performed. Washout did not reduce the LR or DM rates and did not improve the overall or cancer-specific 5-year survival. This finding was rather surprising as the positive impact of washout in AR is well documented. In earlier studies, washout was found to reduce the LR rate after HP, findings that inspired this study [20, 21] . To our knowledge, this study is the first detailed work that exclusively addresses the issue. The analyses are based on prospectively registered data in a large national populationbased registry with documented good external and internal validity, and the patients were followed for 5 years [16, 24] . Although the study is not randomised, the studied population is unselected. Multivariate methods were used in the analyses to overcome possible confounders and selection bias. In Sweden, 10-20% of the patients undergoing major abdominal surgery are treated with HP [16] [17] [18] [19] . The same figures are presented from the Danish, Norwegian, and Dutch registries, whereas in reports from the UK, Belgium, and Spain the proportion of HP is below 10% [25] [26] [27] [28] [29] [30] . The Swedish national guidelines for colorectal cancer care give no distinct recommendation on when to perform HP in rectal cancer surgery, as the scientific evidence is not clear [31] . When Swedish data are analysed, the LR and DM rates as well as the cancer-specific 5-year survival for patients treated with R0 HP, compared to patients treated with R0 AR and APR, are similar [19, 32] . However, the overall 5-year survival is reduced, probably reflecting the higher age and the fact that the patients are more frail due to more severe comorbidity in the HP group [19] . Our study confirms those findings. The overall and cancerspecific 5-year survival was significantly better for the washout group in the Kaplan-Meier analyses, but in the multivariate analyses there were no difference (Figs. 2 and 3; Table 3 ). A Spanish study by Ortiz et al., however, found that LR and DM rates as well as the overall and cancer-specific survival were significantly worse in the HP group, even when the outcome in the curative surgery cohort was analysed [30] . In the Spanish report, the LR rate was 11%, but in our study the LR rate was only 8%, a notable difference since neoadjuvant therapy was more frequently used in the Spanish study (45% vs. 25%). However, the study populations might not be entirely comparable since in the Spanish study patients treated with R1 resection were included in the curative cohort, an
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Assessed for eligibility: all registered patients in the SCRCR 1995-2007 n=20 244 Excluded Rectal washout missing data n=58 Fig. 1 CONSORT diagram for the study inclusion criterion not used in our study. The patients in both studies were comparable with respect to gender, tumour height, and tumour stage, but our patients were older and we did not have access to data on comorbidity.
The surgical quality might have been poorer in the Spanish study as indicated by a higher incidental rectal perforation rate, 13 versus 7%. However, the LR and DM rate in our series might be falsely low due to the higher age and comorbidity of the patients; that is, the patients might not have lived long enough after surgery to develop recurrences or died from another cause before recurrence. Another possibility is that the patients were not intensively followed due to the same reasons and might be living with undiagnosed recurrences. In Sweden, HP is used for tumours situated in the middle or upper rectum if AR is contraindicated, mainly due to poor sphincter function, high risk of anastomotic leakage (AL), or severe comorbidity. The incidence of AL after AR in Sweden has remained around 10% and contributes significantly to post-operative morbidity and mortality [16, 19] . HP can also be an alternative to AR if an intraoperative adverse event occurs such as stapling failure or other technical complications. HP might be used in preference to APR for tumours situated in the lower rectum when a satisfactory distal resection margin can be achieved without removing the sphincter, reducing the likelihood of post-operative morbidity associated with APRs in terms of perineal pain and perineal wound healing. Perineal wound problems have been reported to occur in up to 60% of patients after APR for rectal cancer with primary closure of the perineal wound [33] . Recently, persistent perineal symptoms were documented in 50% of patients after 3-year follow-up [34] . Although the complication rate after HP is reported to be lower, the risk of pelvic abscesses as a consequence of either an infected haematoma or a blowout of the rectal remnant should not be ignored. The incidence varies from 3 to 30% [18, [35] [36] [37] . HP has also been advocated in the palliative setting as an alternative for patients with disseminated disease, where the benefits of symptomatic relief must exceed the risk of morbidity or mortality [17, 19, 31, 36, 38] . The frequent use of HP in the palliative setting is confirmed by our study as shown in the CONSORT diagram, where almost 40% of patients belonged to TNM stage IV or had non-radical surgery (Fig. 1) . Because the HP group is heterogeneous, it is difficult to perform outcome studies on oncological outcome as well as complications. In several ways, the HP group differs markedly from the AR and APR groups [18, 19, 30, 32, [36] [37] [38] . Therefore, it is hard to make comparisons with patients treated with AR or APR. Recent SCRCR data reveal that in the HP group the patients are older, have higher American Society of Anesthesiologists (ASA) scores, have a greater proportion of T4 tumours, and are more often stage IV at diagnosis compared to the patients treated with AR or APR. Moreover, incidental rectal perforations are more frequent as well as involved CRM. It has been assumed that less experienced surgeons choose HP, but SCRCR data do not support this [19] . The SCRCR has at least four limitations with respect to our study: it does not register comorbidity such as diabetes, cardiac diseases, and pulmonary diseases; it does not register other important variables such as smoking habits, alcohol consumption, and immunosuppression; it does not register why the decision to perform HP was taken; and it does not register whether the surgery was performed as an emergency or an elective procedure. In 2007, the ASA score, which can be a surrogate marker for comorbidity, was added as well as experience of the surgeon, patient body mass index and emergency or elective procedure. Unfortunately, since our data go back to 1995, we could not include those variables in our analysis. HP might be the choice in the emergency situation, but to perform emergent resection for rectal tumours is not advised in Sweden. The recommendation in the emergency setting is diversion with resection after radiological staging and possible neoadjuvant therapy [31] . According to the SCRCR less than 1% of resections performed for rectal cancer are emergency procedures [19] . To overcome some of these obstacles and confounders, we concentrated our final outcome analysis on the patients belonging to TNM stages I-III who were treated with R0 surgery. Since HP in rectal cancer treatment is used for various indications, we think that the patients in TNM stages I-III who were treated with R0 surgery deserve the greatest attention with respect to outcome analyses concerning recurrence. This, we believe, assures that the recurrences analysed are true recurrences and not tumour progression due to non-radical primary surgery.
The proportion of patients treated with preoperative RT in this study was low: 35%. This was most likely due to the high age of the patients and a subsequent high comorbidity rate. Another hypothetical explanation, although not yet supported by SCRCR data, could be that a less experienced surgeon chooses HP and in addition irradiates to a lesser extent. A less experienced surgeon might also omit washout, which would explain our finding that only 25% in the no washout group had preoperative RT (Table 1) .
Despite the heterogeneity of the HP group and the rather low proportion of irradiated patients, preoperative RT significantly reduced the LR rate in the multivariate analysis (data not shown).
Probably due to lack of power, earlier studies on washout and AR could not prove an association between washout use and reduced LR risk. However, a recent large study that used SCRCR data, and the latest meta-analyses, which also included non-English language studies found that washout was associated with a reduction in LR risk to the same degree as neoadjuvant RT [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, improved survival has not been shown, a finding that probably reflects the rarity of LR in modern rectal cancer treatment and thus a lack of impact on survival figures [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Although the evidence that washout is important when performing AR for rectal cancer is rather convincing, some surgeons in Sweden still do not use washout [11, 19] . [39] . In the USA, only 36% of colorectal surgeons perform washout routinely [40] . Arguments claimed for performing washout, even when data suggesting washout to reduce the LR rate were uncertain, were that it is easy to perform, is inexpensive, adds little time to the procedure, and appears to be risk-free [10, 39] . We have not found any figures on the use of washout when performing HP for rectal cancer in the literature apart from data presented in the annual SCRCR reports. Drawbacks of the analysed SCRCR data are that washout is performed at the discretion of the surgeon and the washout procedure is not yet standardised in the current Swedish national guidelines for colorectal cancer care [31] . In addition, the type and volume of the washout solution are not registered in the SCRCR. A recent meta-analysis addressing the issue of volume recommended volumes above 1500 ml when saline was used in washout during AR for rectal cancer [41] .
A randomised controlled trial (RCT) would have been the best way to test the effectiveness of washout, but, as stated earlier for AR, a RCT would require a prohibitively large sample size and enrolling surgeons who are already convinced of the importance of washout would present some ethical concerns [11] . We could have improved and further validated our data by comparing the SCRCR data with the data in the original medical records, but this would have been very time consuming and logistically difficult. Although comorbidity of the patients is not covered in the SCRCR, we could have used the unique personal identification number issued to all Swedish citizens to compare the SCRCR data with data from other registries that cover, among other things, diabetes, cardiac diseases, and pulmonary diseases.
Conclusions
Our results showed that the oncological outcome did not improve when washout was performed in HP for rectal cancer.
Due to the limitations of the study listed above and since there might be factors of importance that a registry study does not reveal, we recommend the washout procedure to be routinely performed as part of HP until more convincing evidence is obtained. It should be considered that SCRCR expands to include details of performed rectal washout procedures.
